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When Do We Need New Architectures

Along-l asting architectural amstleenc e s
overcome

Alst Wall i Mid 90s: the Memory Wall
A2nd Wall i 2004: the Power Wall
A3 Wall i Now: the Locality Wall

And this is largely due to emergence of apps with
Data Intensive Characteristics
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What Do | Mean by Data Intensive?

AComputation dominated by data access & movement i not flops

ALarge sets of data often persistent
I but little reuse during computation

ANo predictable regularity
ASignificantly different scaling
AStreaming becoming important

The nLocali tyo we have
from our apps Is disappearing
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This Talk

AMooreds Law and the Prior Walls
ATodayodés Architectures

AEvi dence of a New fiLocalityo Wall
I Benchmarks

I A Big Data Application
AMigrational Computing: a Possible Architectural Fix
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Technol ogy, Moorebds Law, and

AMo o r e 6 €D ttamsistors get smaller & faster
I From 10um to 5nm feature size: 2,000X smaller & faster

ACores get smaller, faster, lower power
I Power density approx. constant as long as V44 declines

AMemory arrays get denser
I To maximize density, access time drops at best slowly
I Can increase bandwidth, but power skyrockets

DRAM Layers

AAf t er Moowedrse Lgadwvi:ng 3|
I With a mix of die types

Logic Layer

" Substrate

http://www.micron.com/products/hybrid-memory-cube
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The Memory Wall (mid 1990s)

ACore clock speeds outran memory latency

ABreaking the Wall: Use extra transistors for oo
'
'r

AEnablers: Applications had plenty of locality

AExample: Ax=b, A s large, dense, matrix
'r
'r
'r
'r

A With big enough cache,

Bigger on-chip SRAM caches

More ILP to find more memory accesses
I Add additional floating point capability

Tremendous temporal locality

Assume caches can save nxn patch of A

O(n?) to read nxn patch of A to cache
O(n3) operations on this patch
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Moore’s law effect
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* V4 flattened
The Power Wall (2004) s . Power - CFv2
. . . ma
AFlattening V4 increased power density 15 “:E;;rwm
.I. Bigger ChipS meant more IOgiC to diSSipate O-21985 1990 1995 2000 2005 2010 2015 2020 2025
AResult: at 120Watts, cooling uneconomical 2004; Povier/Chip
£ attene e 1,
ABreaking the wall: e
i Lower the clock rate = =
I Use multiple simpler cores |
i Increase SIMD-style parallelism U
_ _ - 2004: Clock Growth =
ASide-effect: need more bandwidth | stopped ik
ASolution for dense apps: again bigger caches : STTRIEs
103 -. % - g \’-.%\ ? §RSC8LE g
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2004 Emergenc? of Multi-core

14 NM PRODUCTS
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TodayoOs

Hy br i1 d

ANothing is uniform about memory
references

AMuU
AMu
AMu

tl
tl
tl

D
D

0

e memory domains
e memory ports & types
e different link protocols

AHigher bandwidth parts needed (at
energy costs)

AGr owi ng fAwi dt h?o
from an access (spatial locality)
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Energy Tightly Tied to Locality

Operation Energy (pJ)

64-bit integer operation

r
|

| 64-bit floating-point operation Perhaps 5 pJ in best of today
256 bit on-die SRAM access

Alncreasing with Non-Locality
ALargely unchanged by new
technologies

256 bit bus transfer (short)
256 bit bus transfer (1/2 die)
Off-die link (efficient)

256 bit bus transfer(across die) Exascale goal of 20 pJ per flop

DRAM read/write (512 bits) unreachable if any memory
: references need to be made
HDD read/write

28nm CMOS, DDR3
Greg Asfalk, HP

=\
EXASCALE
Ar OI “ Ie ( \) —) COMPUTING
10 ATPESC 2017, July 307 August 11, 2017 \ PROJECT

—

NATIONAL LABORATORY




Need for More Memory Bandwidth 1 Multi-level Memories

PHY PHY GPU/CPU/Soc Die
O 00 0 O 0 0 8 0 0 0 COEES SRS & & 8 5

o s = = = O = = O =
Package Substrate

http://mwww.amd.com/Publishinglmages/graphics/illustrations/570px/6315-hbm-stacks-diagram.png
Intel Xeon Phi Up to 16 GiB Up to 384 GiB
Processor over 400 GB/s ~ 90 GB/s (STREAM)

DDR4
RAM
(system memory)
“ (ColfaxResearch.col o e 3 s
| = = P e B 1 i
HBMs: 4-5X bandwidth, but wider transfer/access A ° =) comruTivG
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And Apps Are Changing i Lets look at some Benchmarks

Benchmark Name

Function Performed

LINPACK

Solve Ax=Db:
A Is dense

HPCG: Hi Perf Cong.
Grad.

Ax=Db; A sparse but regular

SpMV: Sparse Mat. Vec.

Ab; A sparse & irregular

BFS: Breadth First

Find all reachable vertices from

Search root
FireHose Find ANnevent so
data

—
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Performance vs Time
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Performance/Byte of B/W vs Time
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Peak Flops (GF/s) per Peak Bandwidth

HPCG Flops (GF/s) per Peak Bandwidth

Perf./Byte of B/W vs Perf.
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Peak Flops (GF/s) per Power (KW)

HPCG Flops (GF/s) per Power (KW)

Performance per Watt vs Time
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Perf. per Watt vs Perf.
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Green-GRAPH500
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Sparsity & Conventional Scalability
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Firenose Streaming Benchmark

Pack%

Stream

Extract
Datum

Parse
Datum

Compute
Hash

A http://ffirehose.sandia.gov/
A Datum: Comma separated ASCII string

I Key: ASCII string representing 64b uint (IP adr)

I Value: depends on benchmark variant

I Truth flag: was the stream from this key biased

A Event:

A Anomaly: value distribution biased towards Os
I 3 variants defined

A Performance metric: Datums/sec

det ect
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Large Scale Anomaly 1 Processing

Current Biggest Run: 400 Anomaly nodes 1.1 Billion keys/sec

1000
900
800
700
600
500
400
300
200

Maximum Rate (Millions of datums/second)

100
0

AMPI with PHISH runtime library
AApprox 2.75 M datums/s per node

Aor about 220 M/s per rack

R SNL SkyBridge, Cray-CS300 1848 2-socket nodes at
16 cores/node

R Fr o 8tatdful Streaming in Dist. Memory
Supercomputers, 0 Berry & Port

50 100 150 200
Anomaly Detection Nodes

250 300

Scaling line is fairly linear

BUT at 2.75M datums/s per 32 core node,
0.09M datums/s per core is 1/60 that of a single core
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Summary: Basic Benchmarks
I Non-traditional Have Locality Issues

Benchmark Name

Function Performed

Performance
Limiters

LINPACK

Solve Ax=Db:
A Is dense

Cache size & # FPUs

HPCG: Hi Perf Cong.
Grad.

Ax=Db; A sparse but regular

Memory B/W

SpMV: Sparse Mat. Vec.

Ab; A sparse & irregular

Memory B/W; some

Network
BFS: Breadth First Find all reachable vertices from Network B/W:; Remote
Search root atomics
FireHose F1ond gateav entso Managing the streaming

22 ATPESC 2017, July 3071 August 11, 2017

—

Argonne & E(C)P s

NATIONAL LABORATORY




Real World Challenge Data Intensive Problem
(From Lexis Nexis)

Auto I nsurance Co: nTell me about gl ving auto
A2012: 40+ TB of Raw Data
APeriodically clean up & combine to @
4-7 TB

Look up answers to precomputed
dUerRsfoli® ane Doeod, aln

J

AWeekly fBoil t
precompute answers to all

standard queries
I Does X have financial difficulties?

nJane Doe has no 1 n
I Does X have legal problems? But
I Has X had significant drivingR ationsh she has shared multiple addresses
_ __problems?__ __ _______X calonsnips with Joe Scofflaw

Who has the following negative
il ndi cators é. o0

—
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Traditional Approach: Runaway Intermediate Data
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ProjectingPer f or mance for Lexi sNex
2012: 400 2-socket nodes (10 racks)

2013 study | ooked at Afutureo alternat:
AUpgrades to conventional

AAiLi ght wei ght o systems
I Lower power, lower performance cores
I Study assumed Calxeda 4-core ARMs
I but systems like HP Moonshot similar

AS a n d X-&dlilser project
I Heavyweight with HMC-like memories
I Resembles I ntel 6s Kn

anding

AAIl processing on bottom of 3D stack
I System = nseao of stacks
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